The Canadian Entomologist 131: 269 -277 (1999) Twenty-one species of Coccinellidae were trapped in flight between 0.8 and 14.3 m from 1992 to 1995 in New Bmnswick, Canada. Catches were larger at 0.8 m, with a rapidly decreasing capture rate leading, on average, to more than 50% of the catches at or below 3.8 m every year. The capture rate at 14.3 m was lower than at any of the nine other levels. Hippodamia convergens GuCrin-MCneville flights were distributed close to the ground, with more than 50% of catches at 0.8 m, whereas Mulsantina hudsonica Casey flights were similar at all levels. The strong decreasing gradient of flight as a function of height for Coccinellidae (-0.825) was strongly influenced by that of H. convergens (-1.809) and of Coccinella septempunctata L. (-0.921) and Coccinella trifasciata perplexa Mulsant (-0.715). All other species had a slope of less than -0.5. The temporal distribution of flights was species specific, with maximum activity before the end of June for most, but this was not reflected in the frequency of catches for the entire family, which did not differ throughout the season, although they tended to be lower after mid-August. The weekly vertical flight distribution differed from the average distribution pattern only occasionally, probably during periods of long-distance dispersal. These profiles and known catches from a single trap location can be used to estimate dispersal activity at different heights. 
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Introduction
The use of biological control for the management of insect pests in agriculture is often equated to the introduction or encouragement of Coccinellidae (Coleoptera). In North America, this close association goes back to the introduction of the vedalia beetle, Rodolia cardinalis (Mulsant), against the cottony cushion scale in California (Flint and van den Bosch 1981) . The rapid range expansions of two recently introduced species, the seven spotted lady beetle, Coccinella septempunctata L., and the multicoloured Asian lady beetle, Harmonia axyridis (Pallas) (Gordon and Vandenberg 1991; Coderre et al. 1995) , indicate their successful acclimatization. However, the value of these species as biological control agents of insect pests and their possibly deleterious interactions with native species are still under investigation.
The migratory flights of Coccinellidae to common overwintering sites is well documented (e.g., Hodek 1973; Hodek and Honek 1996) . The vertical distribution of flight frequency at high altitude for insects including Coccinellidae has received some attention (e.g., Johnson 1969) , but the vertical distribution close to the crops has not (Ewert and Chiang 1966; Fluke 1925 Fluke , 1929 Hodek 1973) . Although they frequently occupy centre stage in biological control, the effectiveness of entomophagous Coccinellidae against insect pests of field crops has been difficult to assess critically. This can be attributed partly to the rapid fluctuations in the abundance of prey in the case of aphidophagous Coccinellidae and to the difficulty of accurately sampling these insects (~razer-and Raworth 1985) . The rate of arrivals and de~artures in mass releases or in natural populations is difficult to estimate because species have different propensities to fly and different flight patterns. Trap height is an important consideration for accurate sampling.
We were interested in describing and contrasting the vertical distribution of Coccinellidae found over an agricultural landscape within the air layer near the ground. Taylor (1965) calculated that insects retain control over their flight within the first 14 m above the ground. Within this space wind speed increases with height and determines the general profile of the flight frequency distribution curve (Taylor 1965) . The first objective of this project was to determine a general vertical flight distribution curve for Coccinellidae and to assess the variation between species. The second objective was to determine a general temporal flight distribution pattern for Coccinellidae and to assess the variation among species. The existence and extent of these deviations must be determined before sampling methods can be selected to measure their importance in the potato agroecosystem. x height). The sides of the structure were oriented according to the compass. Window traps on the north and south sides of the tower were fixed to the built-in ladder structure of the scaffolding units, in the centre of each unit. Window traps on the eastern and western sides were bolted on the cross bars of the scaffolding units, in the centre of each unit. The structure was kept as simple as possible to prevent modification of the wind patterns which could affect the flight of the insects that we were attempting to catch with the device. Scouts monitoring the traps were protected by a harness and rope system fixed from the top of the structure. Each window trap was made of a 61 x 69 cm section of plywood painted yellow (British Colour Council, buttercup yellow No. 53; peak reflectance 570 nm) and held perpendicular to the ground. A plastic gutter, capped at both ends, leaving a 61 x 61 cm section of the yellow board free for trapping, was attached on one side of the board. The gutter was filled with a 40% mixture of antifreeze and water (four parts antifreeze to six parts water). In 1992-1994 catches were removed on a daily basis, whenever possible, sorted, identified to species, and recorded. Catches were sorted by morphotypes and general keys used for preliminary identification. Representative specimens were identified by the second author. In 1995, catches were removed on a weekly basis. The traps were operated between 17 May and 26 September in 1992 and between 1 June and 4 October in 1993-1995. Data Analysis. A regression analysis was applied to the average percentage of flights over the 10 elevations sampled to determine the flight gradient for the family and each species. An analysis of variance and a mean separation test were applied to the average weekly catches over the 4 years of the project. An arcsine transformation was applied to percentage data but reconverted values are presented. Specific vertical profiles for the three most abundant species were contrasted using the x2 test and the catch ratio between the upper and lower halves of the sampling tower for the average vertical profile (Coccinellidae) for expected ratio. The temporal distribution of flights for each species was represented graphically for the cumulative catches over the 4 years because of the wide range of abundance between years within a species. 
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Results
Vertical Flight Frequency Distribution. The vertical flight frequency distribution pattern for Coccinellidae was similar to the general distribution pattern for insects suggested by Taylor (1965) with a strong negative gradient (Table 1) . More than 50% of the flights occurred at or below 3.8 m and decreased throughout the tower (Table 1) from base to top. The specific distribution pattern for the 13 most abundant of the 21 species trapped over the years ( Fig. 1 ; Table 1 ) ranged from a near even likelihood of flight at each elevation for Mulsantina hudsonica Casey to more than 50% of flights at the first trap level for Hippodamia convergens GuCrin-MCneville. More than 50% of insects in flight were captured at or below 3.8, 5.3, or 9.8 m for 7, 3, and 3 of the 13 species, respectively. Flight activity for Adalia bipunctata L., H. convergens, and C. septempunctata was high enough in 1992, 1995, and 1992, respectively, to draw vertical profiles at different times throughout the cropping season. The weekly profiles did not differ significantly from the average specific profiles except for the first sampling week with A. bipunctata and for the middle of June (weeks 5 and 6) with C. septempunctata (Table 2).
Flight Seasonality. The relative abundance of the different beetle species varied between years even with species generally associated with agricultural landscapes such as H. convergens or C. septempunctata (Table 3 ). The distribution of average flight activity for Coccinellidae over the sampling period was not different (F19,53 = 1.40, P < 0.16) (Fig. 2) . Flight activity in early summer was caused by more beetle species than in mid and late summer. Nine of the 13 most abundant species reached their maximum weekly flight frequency by June 23 (week 6, 
Discussion
The flight profile gradient for Coccinellidae with a slope of -0.825 is similar to that for Coleoptera at -1.0442 obtained by Taylor (1974) . Similar or steeper slopes were found in only three of the 13 lady beetle species, leaving 77% with a slope of -0.498 or less. However, 50% of the flights for seven of the 13 species were at or below 3.8 m. This pattern is characteristic of the trivial flights of insects within or close to the boundary layer. The relative dispersal activity of these coccinellid beetles can be estimated from traps located at one height, but this would underestimate flight activity for species like H. convergens and overestimate it for species like M. hudsonica.
Deviations from the Coccinellidae pattern were not related to the size of the different species. The size of the beetles sampled in this project ranged from 2.5 to 9 mm in body length. There was no significant relation between wing loading estimated by body length (Price 1997) and the height at which each species reached a cumulative 50% flight frequency ( y = -0 . 1 9 8~ + 4.607, ? = 0.0627). Differences in flight behaviour or ecology are more likely to explain deviations from the Coccinellidae pattern than differences in body size.
It is difficult to compare the results obtained here with those of other ecosystems because no other complete vertical profiles have been published. Our results confirm that H. convergens disperses close to the ground during its trivial flights (Ewert and Chiang 1966) and extend its recorded flight height to 14.3 m. The flight distribution frequency for this species does not represent an inability to fly higher because this species was reported to take off at a vertical angle and rapidly climb out of sight for longdistance dispersal (Hodek 1973) . The different take-off angle would allow these beetles to clear the traps on the tower when dispersing farther. Ewert and Chiang (1966) reported that Hippodamia tredecimpunctata L. flew up to 3.6 m with 90% of flights at 0.9 m in a way similar to that of H. convergens. Only six H. tredecimpunctata were captured in our project, making it impossible to determine the pattern. Similarly, Hippodamia parenthesis Say, reported to fly as high as 9 m (Fluke 1929), was captured too infrequently to determine its profile. Ewert and Chiang did not capture Coleomegilla maculata DeGeer above the 0.9-m trap, suggesting that it would have a distribution pattern even lower than that for H. convergens. Coleomegilla maculata is rare in New Brunswick. It was not trapped in this project nor was it trapped between 1979 and 1981 (Boiteau 1983 ). Ewert and Chiang suggested that phytophagous species may have less of a need to disperse than aphidophagous species such as H. convergens and H. tredecimpunctata. It is possible that these species, like H. convergens, have a steeper take-off angle for long-distance dispersal than for trivial flights and that they escape traps at relatively low elevation. Harmonia axyridis is the most recent coccinellid introduction to establish itself in Canada and was reported for the first time in Quebec in 1994 (Coderre et al. 1995 ). In New Brunswick, H. axyridis was not trapped in the tower until 1995, although its presence was noted elsewhere in New Brunswick the same year (A.G. Wheeler Jr., personal Mulsantina hudsonica is not an insect of economic importance but showed an even distribution of flight frequency over height. Not enough is known about the species to explain the pattern. One could speculate that it is a strong flyer that retains full control over its dispersal as the impact of the wind increases with height.
The flight frequency for most coccinellid species in most years was too low to study the seasonal variations of the vertical flight frequency distribution. However, data from A. bipunctata, C. septempunctata, and H. convergens demonstrate that seasonal variation does exist and varies between species, although it is probably limited to periods of long dispersal. Therefore, the vertical flight distribution during the crop season varies little. Adalia bipunctata frequently overwinters at the edge of forests from which it recolonizes the fields each spring (Larochelle 1979) . We suggest that the significantly different flight profile observed in the first week of observations reflects the end of the spring long-distance dispersal. In the case of C. septempunctata, a significantly different profile occurred about 1 month later than that for A. bipunctata. This species is more cosmopolitan and the profile change may still reflect long-distance dispersal from one type of overwintering site or from a spring host. In the case of H. convergens, it is likely that migratory flights from the overwintering sites occurred outside of our monitoring period.
Overall flight activity recorded in this project is made up of localized trivial flights as coccinellids move among plants or crops in a fashion that may reflect prey abundance. The relative abundance of prey at the study site and the particular combination of crops probably explain the variations in flight activity within each species between years. Peak flight activity is also probably dependent on crop phenology and prey availability. Flight activity for most species and peak activity for more than 50% of the species start in early spring as vegetation resumes growth, suggesting that their flight is well adapted to relatively low ambient temperatures. The introduced multicoloured Asian lady beetle, H. axyridis, was not trapped until the warm temperatures of July in 1995, but it inhabits a wide range of environments throughout the world (e.g., Coderrre et al. 1995) . This suggests that the species captured for the first year in New Brunswick did not build up a significant population in the area before the middle of summer.
